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CLAIMS 



[Claim(s)] 

[Claim 1] Sintered tool steel with which the carbide maximum particle diameter in an alloy is 
characterized by the mean particle diameter of 0.6 micrometers or less and an austenite crystal being 2.0 
micrometers or less. 

[Claim 2] An alloy content for Cr Mo 3 to 8% 0.8 to 2.5% by weight % 1 - 10%, [ C ] Sintered tool steel 
according to claim 1 characterized by having the presentation to which W Eq (2 Mo+W) is 15 - 30% 
while Co is contained for V and Mn is contained for Si 1% or less 1% or less 15% or less 1 to 7% 1 to 
20%, and the remainder changes W from Fe and an unescapable impurity. 

[Claim 3] Sintered tool steel according to claim 1 or 2 characterized by containing 0.1 - 1% for the oxide 
whose mean particle diameter is l-100nm as a configuration phase of sintered tool steel by one sort or 
two sorts or more, and weight %. 

[Claim 4] For Cr Mo 3 to 8% 0.8 to 2.5% by weight % 1 - 10%, [ C ] For Co Si 15% or less 1 to 7% 1 to 
20% 1% or less, [ W ] [ V ] While Mn is contained 1% or less, W Eq (2 Mo+W) is 15 - 30%. After 
obtaining the end of rapidly solidified powder by the gas atomizing method or the water atomizing 
method at the same time it dissolves the alloy which has the presentation which consists of Remainder 
Fe and an unescapable impurity with a RF fusion furnace, Classify said coagulation powder in 75 
micrometers or less with particle diameter, perform strong processing with a ball mill etc., and high ( 
distorted addition milling powder is manufactured. Subsequently, the manufacture approach of the 
sintered tool steel characterized by performing extrusion in rolling at 70 - 90% of rolling reduction, or 
extrusion ratios 4-10, and carrying out shaping sintering at the same time it is filled up with said milling 
powder into a steel container, and performs the vacuum deairing back at 400-600 degrees C and heats at 
800-1000 degrees C. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] as a tool, a structural member, etc. this invention excelled [ structural member ] 
in abrasion resistance and workability with high intensity about the sintered tool steel which overly has a 
detailed grain organization, and its manufacture approach - the suitable high intensity especially for the 
minimum and an ultra-thin member — it is overly related with the sintered tool steel of a detailed grain. 
[0002] 

[Description of the Prior Art] The high speed tool steel conventionally represented by SKH51 has been 
widely used as the metallurgy mold for cutting tools, a member for antifriction, etc. Moreover, as 
amelioration by the manufacturing technology, engine-performance amelioration of high speed tool steel 
has adoption of the HIP sintering process ******** powder metallurgy method using atomization 
powder etc. to the conventional dissolution ingot making method besides component presentation 
amelioration. On the other hand, the high integration of the semi-conductor represented by the latest 
electronic related field and miniaturization progress, and the abrasion-resistant member of high intensity 
which can respond to processing with a diameter of 100 micrometers or less for example, by the 
diameter pin of the minimum etc. as a related member has come to be called for. However, the trouble 
demanded also in sintering high speed tool steel that it could not respond to satisfaction in respect of 
reinforcement and toughness appeared in the tool steel by the powder metallurgy method with high 
reinforcement and toughness, for example, sintering carbon tool steel, and a sintered alloy tool steel pan 
from the conventional dissolution material. 
[0003] 

[Problem(s) to be Solved by the Invention] If the factor which should correspond to improvement in the 
abrasion resistance of high speed tool steel, reinforcement, ductility, and grindability is seen in 
metallography, it will be strongly influenced in those distributions etc. by the magnitude list of carbide 
or an oxide particle distributed as magnitude, a compound, etc. of the alloy presentation to contain and 
an austenite crystal grain child. Generally, these properties are improved, detailed, when the carbide 
particle distributed to homogeneity is included, and when [, so that crystal grain is small, namely / a 
detailed austenite crystal grain child and ]. However, if it is in the high speed tool steel by the 
conventional powder-metallurgy processing, as for austenite crystal particle diameter, carbide particle 
diameter contains 7-10 micrometers of many 2-4-micrometer objects again, and the large improvement 
in the engine performance beyond this cannot be expected. 

[0004] the high intensity which was excellent in abrasion resistance and workability with high intensity 
by the technical problem of this invention being in tool steel with many carbide contents, and making 
martensitic structure and carbide make it detailed sharply compared with the conventional material - it 
is overly in offering the sintered tool steel of a detailed grain. Moreover, it is offering the approach of 
manufacturing this sintered tool steel. 
[0005] 

[Means for Solving the Problem] The result studied about the approach of this invention person etc. 
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paying his attention about austenite crystal particle diameter and carbide particle diameter, and making 
these particle diameter small, The big and rough carbide produced in the gap of the dendrite crystallized 
in rapid solidification atomization powder according to a high distorted addition powder metallurgy 
process Sintering was made more possible than the conventional material at low temperature by 
combining dynamic sintering by the powder approach which makes it dissolve to radical underground as 
much as possible whether you are Sumiya, and extinguishes it, and processing under the pressure 
between **. While the deposit carbide particle from a base became detailed, as a result of grain growth's 
being controlled by the carbide particle list by such process, it became possible overly to obtain a 
detailed-ized organization. Thus, various trials were performed about the obtained ingredient which 
overly has a detailed-ized organization. Consequently, the carbide maximum particle diameter in an 
alloy acquired the knowledge that the mean particle diameter of 0.6 micrometers or less and an austenite 
crystal became high intensity most about sintered tool steel 2 micrometers or less compared with the 
conventional tool steel. By this knowledge, in this invention, the carbide maximum particle diameter in 
an alloy solved said technical problem, when the mean particle diameter of 0.6 micrometers or less and 
an austenite crystal offered sintered tool steel 2.0 micrometers or less. 

[0006] Although the chemical entity of the sintered tool steel of invention of claim 1 may be the same as 
that of the conventional tool steel, i.e., carbon tool steel, alloy tool steel, high speed tool steel, etc., more 
preferably An alloy content for Cr Mo 3 to 8% 0.8 to 2.5% by weight % 1 - 10%, [ C ] It is desirable to 
consider as the sintered tool steel which W Eq (2 Mo+W) is 15 - 30% while Co is contained for V and 
Mn is contained for Si 1% or less 1% or less 15% or less 1 to 7% 1 to 20%, and considered W as the 
presentation from which the remainder consists of Fe and an unescapable impurity (claim 2). 
[0007] While carbon constituted double carbide, such as Fe, Mo, W, and V, in the component which this 
invention sintered alloy constitutes, there was an operation which dissolves in a matrix with dissolution 
of the carbide by hardening heating, and raises a degree of hardness, but since sufficient hardness was 
not obtained when a content was less than 0.8%, it considered as 0.8% or more of content. This was 
made into the upper limit in order to make the carbide in an alloy make it big and rough on the other 
hand, when a carbon content exceeds 2.5%. 

[0008] Since hot-working nature will be degraded and the retained austenite at the time of hardening 
will increase remarkably again if it exceeds 8%, although it is required 3% or more in order to reinforce 
annealing-proof nature, while dissolving the whole quantity on a base and giving self-hardening with 
hardening, although carbide is mainly constituted, Cr may be 3 - 8%. 

[0009] It is effective as an element which improves thermal resistance, and they are all 1% or more as a 
content of Mo and W, and are required of W Eq (2 Mo+W) while both Mo and W constitute carbide, 
give abrasion resistance, dissolve in part on a base on the occasion of hardening and raise reinforcement 
and hardness. [ 15% or more of] Since the amount of carbide increases and toughness was remarkably 
reduced when Mo 10% and W20% were exceeded on the other hand and it exceeded 30% by W Eq (2 
Mo+W), this was made into the upper limit. 

[0010] Although V is effective in detailed-izing of austenite crystal grain and required of a dispersion 
effect 1% or more as a content while it raises abrasion resistance as hard MC carbide, if it exceeded 7%, 
in order that it might make MC carbide make it big and rough remarkably and might worsen 
grindability, it could be 7% or less. 

[001 1] Mostly, the whole quantity dissolved on the base, and although Co was effective in promoting 
carbide dissolution of W, Mo, etc. and raising high temperature strength in the case of hardening, when 
it exceeded 15%, since the addition effectiveness served as cost quantity few, it made it 15% or less. Si 
and Mn are mainly used as a deoxidizer and a content is made into 1% or less. 
[0012] The fewer possible one of the oxide of Si02, Cr03, aluminum 203, and Y203 grade is good. 
However, since these oxides do not dissolve on a base with hardening heating, the pinning effectiveness 
which controls the grain growth by heating is expected. Then, it was made to make 0.1-1% contain the 
oxide whose mean particle diameter is l-100nm as a configuration phase of sintered tool steel by one 
sort or two sorts or more, and weight % in invention according to claim 3. Since toughness was 
remarkably degraded when the magnitude of an oxide exceeded lOOnm or more or the amount exceeded 
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1%, lOOnm was made into the upper limit. 

[0013] this high intensity — sintered tool steel of a detailed grain is made like next, and is overly 
obtained. In invention according to claim 4 C by weight % Namely, 0.8 - 2.5%, For W V 1 to 20% 1 to 
10% 3 to 8% 1 - 7%, [ Cr ] [ Mo ] While Co is contained and Mn is contained for Si 1% or less 1% or 
less 15% or less, W Eq (2 Mo+W) is 15 - 30%. After obtaining the end of rapidly solidified powder by 
the gas atomizing method or the water atomizing method at the same time it dissolves the alloy which 
has the presentation which consists of Remainder Fe and an unescapable impurity with a RF fusion 
furnace, Classify said coagulation powder in 75 micrometers or less with particle diameter, perform 
strong processing with a ball mill etc., and high distorted addition milling powder is manufactured. It is 
filled up with said milling powder into a steel container. At 400-600 degrees C Subsequently, after a 
vacuum deairing, By offering rolling at 70 - 90% of rolling reduction, or the manufacture approach of 
the sintered tool steel which performs extrusion in extrusion ratios 4-10, and carries out shaping 
sintering at the same time it heats at 800-1000 degrees C The mean particle diameter of 0.6 micrometers 
or less and an austenite crystal was able to obtain [ the carbide maximum particle diameter in an alloy ] 
the sintered alloy 2 micrometers or less. 

[0014] The manufacture approach of a sintered alloy of overly having a detailed grain organization 
performs the high distorted addition process (mechanical milling) of 50 - 200 hours for what was 
classified in 75 micrometers or less with particle diameter with the screen out of the powder by which 
rapid solidification was carried out by the gas atomizing method or the water atomizing method with 
high energy mold ball mills, such as a churning mold, a planet mold, and an oscillatory type ball mill. In 
this case, since powder particle diameter is too large, or processing is not performed even in the powder 
center section but big and rough carbide remains after shaping sintering if the processing time is short, it 
has bad effect on a mechanical property. Moreover, since effective energy cannot be given even if the 
processing time exceeds 200 hours, 200 or less hours is desirable. 

[0015] Moreover, one sort or the mixture included two or more sorts may be used for the oxide from 
which Si02, Cr03, aluminum 203, and Y203 grade are added if needed, and mean particle diameter 
becomes 0.1 - 1% by l-100nm as a configuration phase at weight % with high energy mold ball mills, 
such as a churning mold, a planet mold, and an oscillatory type ball mill, in case the high distorted 
addition process (mechanical milling) of 50 - 200 hours is performed. 

[0016] Next, for powdered shaping sintering, what carried out vacuum enclosure of the mechanical 
processing powder at 400-600 degrees C into the steel container is heated at 800-1000 degrees C, 
subsequently hot rolling of 70 - 90% of rolling reduction is performed, or hot extrusion of extrusion 
ratios 4-10 is performed, and shaping sintering is carried out. At less than 800 degrees C, if defects, such 
as an inner crack, may occur and shaping sintering temperature exceeds 1000 degrees C, it will become 
big and rough [ a carbide particle or the particle of an austenite crystal ], and will have a bad influence 
on a mechanical property. 
[0017] 

[Example] Next, the example and trial results of this invention are described. 

The rapid solidification of the alloy which consists of a component of the example 1 of this invention 
shown in Table 1 is beforehand carried out by gas atomization. (Example 1) This powder with a screen 
A steel capsule is filled up with the powder which the powder which classified in 75 micrometers or less 
with particle diameter is filled [ powder ] up into the container made from SKD1 1 with SUJ2 ball and 
the weight ratio 14.4:1 in Ar ambient atmosphere, and may have had quantity distorted addition 
performed for 200 hours with a planet ball mill (one sort of a high energy mold ball mill). After 
tempering what extruded the object stopped after the vacuum deairing at 400 degrees C while heating at 
1000 degrees C, performed hot extrusion in a ratio 9, carried out shaping sintering, repeated a wire 
drawing and annealing further and made the diameter thin to 0.2mm at 1200 degrees C, Grain size 
number analysis, the transverse test, the grindability trial, and the bending fatigue test were performed 
about what performed tempering processing 560 degree-Cx 1-hour x 3 times. 
[0018] In grain size number analysis, austenite crystal grain and carbide particle size corrode the 
longitudinal section of the above-mentioned test piece after quenching treatment with a nitric-acid 
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alcoholic solution 5%, image analysis is performed, and it asks for particle diameter with an equivalence 
circle diameter. In addition, an equivalence circle diameter means the diameter of circle at the time of 
replacing the area of a particle cross section as an area of a circle here. For the transverse test, the span 
12.7mm three-point bending transverse test was carried out for the wire rod with a diameter of 0.2mm 
after the above-mentioned heat treatment. Moreover, the loss-in-quantity ratio of the grinding stone after 
spreading a wire rod with a diameter of 0.2mm with the grinding stone of #1200 after the above- 
mentioned heat treatment and cutting it 8000 compares a grindability trial. Moreover, the repeat bending 
fatigue life testing machine which gives the load of 2 for a wire rod with a diameter of 0.2mm the 140kg 
[/mm ] above-mentioned after [ heat treatment ] maximum stress performs a bending fatigue test. The 
example of a comparison is used as the almost same component as the corresponding example of 
invention, and carries out shaping sintering by the conventional hot isostatic press (HIP) (it is below the 
same). 
[0019] 
[Table 1] 
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[0020] Consequently, the example 1 of this invention improved about 50% in anti-**** compared with 
the conventional powder material of the example 1 of a comparison, and improved by 20 or more times 
in improvement and a bending fatigue life in grindability about 80%. Drawing 1 is an electron 
microscope photograph in which the crystal grain of the example (example 1 of invention) of the 
sintered tool steel of this invention and the crystal grain of the conventional example 1 of a comparison 
are shown, as drawing 1 shows, austenite crystal grain, the austenite grain boundary, and carbide have 
the alike and small thing of the example 1 of this invention compared with the thing of the example 1 of 
a comparison, and it turns out that the sintered tool steel of this invention is overly the sintered tool steel 
of a detailed grain as compared with the conventional thing. 

[0021] The rapid solidification of the alloy which consists of a component of the example 2 of this 
invention shown in Table 1 is beforehand carried out by gas atomization. (Example 2) The powder 
which classified this powder in 75 micrometers or less with particle diameter with the screen is filled up 
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* into the container made from SKD1 1 with SUJ2 ball and the weight ratio 14.4:1 in Ar ambient 
atmosphere. A planet ball mill (one sort of a high energy mold ball mill) performs quantity distorted 
addition for 200 hours. The object which filled up the steel capsule with the obtained powder and was 
stopped after the vacuum deairing at 400 degrees C Extrude at the same time it heats at 1000 degrees C, 
perform hot extrusion in a ratio 5, carry out shaping sintering, and a wire drawing and annealing are 
repeated further. After tempering what made the diameter thin to 0.2mm at 1200 degrees C, grain size 
number analysis, the transverse test, the grindability trial, and the bending fatigue test were performed 
by the approach of example 1 publication about what performed tempering processing 560 degree-Cx 1- 
hour x 3 times. 

[0022] Consequently, similarly, the example 2 of this invention improved about 50% in anti-**** 
compared with the conventional powder material of the example 2 of a comparison, and improved by 28 
or more times in improvement and a bending fatigue life in grindability about 80% with having 
mentioned above. 

[0023] The rapid solidification of the alloy which consists of a component of the example 3 of this 
invention shown in Table 1 is beforehand carried out by water atomization. (Example 3) The powder 
which classified this powder in 75 micrometers or less with particle diameter with the screen is filled up 
into the container made from SKD1 1 with SUJ2 ball and the weight ratio 14.4:1 in Ar ambient 
atmosphere. While heating the object which performed quantity distorted addition for 100 hours with the 
planet ball mill (one sort of a high energy mold ball mill), filled up the steel capsule with the obtained 
powder, and was stopped after the vacuum deairing at 400 degrees C at 800 degrees C, rolling at 85% of 
accumulation rolling reduction was performed. Furthermore, a wire drawing and annealing were 
repeated, and after tempering what made the diameter thin to 0.2mm at 1200 degrees C, grain size 
number analysis, the transverse test, the grindability trial, and the bending fatigue test were performed 
by the approach of example 1 publication about what performed tempering processing 560 degree-Cx 1- 
hour x 3 times. 

[0024] Consequently, similarly, the example 3 of this invention improved about 50% in anti-**** 
compared with the conventional powder material of the example 3 of a comparison, and improved by 6 
or more times in improvement and a bending fatigue life in grindability about 80% with having 
mentioned above. 

[0025] The example 4 of this invention carries out the rapid solidification of the alloy which consists of 
a component of the example 3 of this invention shown in Table 1 by water atomization beforehand. 
(Example 4) Add the powder which classified this powder in 75 micrometers or less with particle 
diameter with the screen, and a 1 -micrometer commercial SiO dioxide, and the container made from 
SKD1 1 is filled up with SUJ2 ball and the weight ratio 14.4:1 in Ar ambient atmosphere. While heating 
the object which performed quantity distorted addition for 100 hours with the planet ball mill (one sort 
of a high energy mold ball mill), filled up the steel capsule with the obtained powder, and was stopped 
after the vacuum deairing at 400 degrees C at 800 degrees C, rolling at 85% of accumulation rolling 
reduction was performed. Furthermore, a wire drawing and annealing were repeated, and after tempering 
what made the diameter thin to 0.2mm at 1200 degrees C, grain size number analysis, the transverse test, 
the grindability trial, and the bending fatigue test were performed by the approach of example 1 
publication about what performed tempering processing 560 degree-Cx 1-hour x 3 times. 
[0026] The example 4 of this invention was compared example of comparison 3, improved about 50% in 
anti-****, and improved by 6 or more times in improvement and a bending fatigue life also in 
grindability about 90%. Moreover, an austenite crystal grain pitch diameter is small, and anti-**** and 
grindability also have it, and the effectiveness which added the oxide has shown up. [ higher than the 
example 3 of this invention ] 
[0027] 

[Effect of the Invention] As stated above, in this invention, in the same component as the tool steel 
which has abrasion resistance, the mean particle diameter of 0.6 micrometers or less and an austenite 
crystal was obtained for the carbide maximum particle diameter by sintering, and the sintered tool steel 
of high intensity was obtained 2 micrometers or less by overly considering as a detailed grain 
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* organization. This sintered tool steel can be especially used as a suitable antifriction high intensity 
material for the minimum, an ultra-thin tool, metal mold, and a structural member 200 micrometers or 
less. 

[0028] For Cr Mo 3 to 8% 0.8 to 2.5% by weight % 1 - 10%, [ an alloy content ] [ C ] While Co is 
contained for V and Mn is contained for Si 1% or less 1% or less 15% or less 1 to 7% 1 to 20%, W Eq 
(2 Mo+W) is 15 - 30%, W was considered as the presentation to which the remainder changes from Fe 
and an unescapable impurity, and while attaining detailed-ization of carbide, the engine performance as 
tool steel was secured. Moreover, it enabled it overly to obtain a detailed grain organization easily using 
the pinning effectiveness which controls the grain growth by the oxide. 

[0029] moreover, the conventional methods of construction, such as a high frequency fusion furnace, the 
gas atomizing method or the water atomizing method, a ball mill, a vacuum deairing, hot rolling, or hot 
extrusion, - combining -- easy - this high intensity - the manufacture approach of the sintered tool 
steel of a detailed grain is overly offered, and it became useful on industry. 



[Translation done.] 
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